INTRODUCTION
The regular practice of physical exercise is an important factor to reduce morbidity and mortality rates of cardiovascular and all other conditions. Even though moderate exercises enhance health conditions, there are recent and con-sistent evidences that high intensity or strenuous exercises have even more significant positive effect reducing up to two times mortality rates over a decade (T a n a s e s c u, L e i t z m a n n, R i m m, 2002).
Monitoring heart rate (HR) has been used to evaluate responses to different exercise stressors for a long time (S u d a k o v, Y u m a t o v, T a r a k an o v, 1995). Recently, the attention has shifted slightly towards the field of heart rate variability (HRV). Even when HR is relatively stable, the time between two beats (R-R) can differ substantially (A c h t e n, J e u k e n d r u p, 2003). The variation in time between beats is being defined as HRV, and currently represents the most promising quantitative marker of autonomic activity (Task Force, 1996, T u 
l p p o, H u i k u r i, 2004).
HRV is assessed by examining the beat-to-beat variations in normal R-R intervals. Originally, HRV was quantified in time-domain, i.e., R-R intervals in milliseconds (ms) plotted against time. The standard deviation of R-R intervals (SDNN) , that is the square root of variance, can show short-term as well as long-term R-R interval variations. Differences between successive R-R intervals provide an index of cardiac vagal control. This can be quantified by calculating the root mean square successive difference (RMSSD) of all R-R intervals and the number of adjacent R-R intervals differing more than 50 ms expressed as a percentage of all intervals over the collection period (pNN50) (A c h t e n, J e u k e n d r u p, 2003).
In contrast to time-domain measures of HRV, recent developments in microprocessor technology have enabled the calculation of frequency measures based on mathematical manipulations performed on the same ECG-derived data. Instead of plotting the HRV as the change in R-R intervals over time, it is plotted as the frequency at which the length of the R-R interval changes. The main parameters on the frequency domain are very low frequency power (VLF) > 0.4 Hz, low frequency power (LF) 0.04-0.15 Hz, high frequency power (HF) 0.15-0.4 Hz, ratio between LF and HF (LF/HF) and total power (TP). HF and LF can also be expressed in normalized units, which represent the relative value of each power component in proportion to TP minus the VLF component (A c h t e n J., J e u k e n d r u p A. E., 2003) . Some authors report even on the existence and interpretation of ultra-low frequency power (ULF) (Task Force, 1996 , T u l p p o, H u i k u r i, 2004 .
Although cardiac automaticity is intrinsic to various pacemaker tissues, heart rate and rhythm are largely under the influence of the autonomic nervous system and of various hormones. The peaks at different frequencies reflect the different influences of the parasympathetic and sympathetic nervous system (P o m e r a n z, M a c a u l a y, C a u d i l l et al., 1985) , involvement of some humoral mechanisms in regulation of cardiovascular functions (K o Part of the HRV is caused by respiratory sinus arrhythmia. Many studies support the view that respiratory sinus arrhythmia is generated by central coupling of the respiratory oscillator with autonomic centers in the brain stem. However a mechanical cardiopulmonary coupling has also been suggested (M c C r a t y, W a t k i n s, A., 1996, T u l p p o, H u i k u r i, 2004). It has been shown in both clinical and experimental settings that parasympathetic activity is a major contributor to the HF component of the HRV power spectrum (T a n a s e s c u, L e i t z m a n n, R i m m, 2002).
The evidence for the interpretation of the LF component is much more controversial. The LF is seen as a marker of sympathetic modulation by some authors, while others suggest it is a parameter that includes both sympathetic and parasympathetic influences. It was being ascribed to sympathetic modulation of cardiac pacemaker activity, because a variety of studies demonstrated that acute interventions that increase sympathetic nervous system activity, such as orthostatic perturbations, mental stress, handgrip exercise increase LF spectral power of the HR (K o It has been suggested that thermoregulation affects VLF heart rate variability. Studies indicate that both direct effects of temperature on pacemaker activity of the sinus node and indirect effects mediated via autonomic nervous system evoke temperature effects on HR and HRV. For not being completely attributed to any specific physiological mechanism the interpretation of VLF remains a subject of debate. The major constituent of this component is thought to be non-harmonic or fractal in nature thus assessed from short-term recordings it is a dubious measure (Mc C r a t y, W a t k i n s, 1996).
The ratio of LF to HF is considered to reflect the sympatho-vagal balance (T a n a s e s c u, L e i t z m a n n, R i m m, 2002). This concept has been promoted by some researchers, but it lacks a physiological base. Although sympathetic and parasympathetic nervous activity constantly interacts there is no fundamental evidence that they are balanced.
The goal of our study is to reveal the differences in resting autonomic balance and in autonomic reactivity to the incremental physical load assessed by time and frequency domain parameters of heart rate variability (HRV) between students -sportsmen and non-sportsmen. In the current paper we have described only the intra-group differences in autonomic tone at the state of rest.
DESIGN OF THE STUDY AND METHODS
Subjects. All the measurements were carried out on 21 students -athletes, 10 basketball players recruited from first league clubs of Novi Sad and the Serbian representatives (age 18.7 ± 0.26 yrs, height 197 ± 2.27 cm, weight 88.9 ± 3.62 kg, active for 5.6 ± 0.4 yrs) and 11 rowers from the Novi Sad rowing club Danubius (age 16 ± 0.36 yrs, height 181.82 ± 2.38 cm, weight 72.46 ± 2.86 kg, active for 4.27 ± 0.24 yrs). The control group was formed of 15 non-sportsmen, students of the Medical faculty in Novi Sad, who had no regular physical activity (more than 3 times a week, longer than 1 hour daily) during the last six months prior the measurements. All the participants underwent a general physical examination to exclude eventual acute diseases and ailments of the cardio-respiratory and locomotor system.
Protocol. A 5-minute digital ECG was recorded in a comfortable sitting position (VNS-Spektr, Neurosoft, Ivanovo, Russia). The epoch gained from the I lead was saved in a computer for further analysis. All R-R intervals were edited by visual inspection to exclude all the undesirable beats. Time-(RRNN, SDNN, RMSSD, pNN50) and frequency-domain analysis (after fast Fourier transformation) (TP, VLF, LF, HF, LFn, HFn, LF/HF, %VLF, %LF, %HF) was obtained after computer analysis of the digital electrophysiological signals.
The numerical data were statistically processed with the Statistica for Windows 6.0 software package. Parametric statistic was applied to calculate standard statistical factors (mean, standard deviation, error of the mean, etc.). Student t test was used to perform intra-group comparison. Statistical significance of difference was established by one-way ANOVA.
RESULTS
In this investigation we analyzed the time-and frequency-domain parameters of HRV in athletes and sedentary non-sportsmen. The results of each group are presented in table 1 (as the mean value and standard error).
Resting heart rate in athletes (68.00 ± 1.87 min -1 ) was significantly lower (p < 0.01) than in nonsportsmen (79.54 ± 2.15 min -1 ). In time-domain parameters of HRV significantly higher values were present in the group of athletes as opposed to non-sportsmen: RRNN were 896.76 ± 124.93 ms and 761.15 ± 119.93 ms respectively (p < 0.01), RMSSD were 48.14 ± 13.44 ms and 35.15 ± 13.78 ms respectively (p < 0.02) and pNN50 were 26.09 ± 2.86 and 14.17 ± 3.14 respectively (p < 0.01). 
Resting time-and frequency-domain parameters of HRV in studentsathletes and non-sportsmen (M ± SE)
In frequency-domain of HRV statistically significant difference between the two groups was observed only in normalized values of LF and HF (p < 0.05) and their ratio LF/HF (p < 0.02). LFn was larger in non-sportsmen (71.08 ± 2.84) than in athletes (62.61 ± 2.37). On the other hand HFn was larger in athletes (37.39 ± 2.37) than in non-sportsmen (28.92 ± 2.84). The LF/ HF ratio was larger in non-sportsmen (2.87±0.34) than in athletes (1.91 ± 0.20).
After dividing the athletes recruited for this investigation into two groups (basketball players and rowers) we analyzed the differences between them. As expected, basketball players were significantly taller and weigh more than rowers (p < 0.01). Significant level of difference (p < 0.05) in HRV data was present only in the VLF spectrum (2060.55 ± 290.68 ms 2 for rowers and 1303.30 ± 169.95 ms 2 for basketball players). No correlation was found among the parameters of the two sub-groups.
DISCUSSION
In light of a large number of scientific data one can not deny that aerobic exercise leads to improvement in the maximal oxygen uptake, due to at least in part, an increase of cardiac output from an increase in systolic volume (C a r t e r, B a n i s t e r, B l a b e r, 2003). The volume load during endurance training results in adaptive changes in many aspects of cardiovascular function. The heart improves its ability to pump blood, mainly by increasing stroke volume, which occurs because of an increase in end-diastolic volume and a small increase in left ventricular mass. In contrast, strength training results in larger increase in left ventricular mass and little or no change in ventricular volume. Endurance exercise also decreases the metabolic load on the heart at rest and at any submaximal exercise intensity -by increasing stroke volume and decreasing heart rate (A l m e i d a, A r a u j o, 2003).
Long-term physical training influences cardiac rhythm. Maximal HR does not tend to change, whereas sinus bradycardia is seen in resting conditions and a slower increase in heart rate at any degree of submaximal oxygen uptake. These changes are probably related to mechanisms such as increase of venous return and systolic volume, improved myocardial contractility (C a r t e r, B an i s t e r, B l a b e r, 2003). Adjustments of HR behavior from aerobic training may also be due to changes of sympathetic-vagal balance -higher parasympathetic and lower sympathetic activity -shown in many studies (C a r t e r, B a n i s t e r, B l a b e r, 2003).
Enhanced vagal tone to the sinus node has also been proposed to play a role in sinus bradycardia. Cardiac autonomic blockade study of humans has reported an increase in parasympathetic control of heart rate following endurance training of proper duration and intensity. Parallel to a large increase in VO 2 after endurance training, an increase in parasympathetic control of HR was shown (P o m e r a n z, M a c a u l a y, C a u d i l l, 1985). Still it remains un-clear if the improvement of the aerobic condition from training enhances cardiac vagal tone, thus resting HR variability (A l m e i d a, A r a u j o, 2003).
When looking at the time-domain variables of HRV, in most studies trained individuals had significantly higher R-R interval times, SDNN, pNN50 and RMSSD compared with their age-and weight-matched sedentary controls (C a r t e r, B a n i s t e r, B l a b e r). RMSDD reflects the short-term variance in HR and is the primary time-domain measure used to estimate the high--frequency beat-to-beat variations providing an estimate of the parasympathetic regulation of the heart. Increased values in athletes like in our case would indicate a parasympathetic predominance.
Whether the sympathetic nervous system also contributes to the lower resting HR is still controversial (T a n a s e s c u, L e i t z m a n n, R i m m, 2002). Endurance training seems to reduce the efferent sympathetic neural outflow to the sinoatrial node in the heart (A u b e r t, S e p s, B e c k e r s, 2003). Possible mechanisms for such a decrease in a trained individual is that the reflex heart rate response to myocardial stretch may be augmented through central, peripheral and reflex adaptations to endurance training (T u l p p o, H a ut a l a, M a k i k a l l i o, 2003).
Recent studies offer a different explanation revealing intrinsic electrophysiological adaptations, such as changes in the sinus node automaticity and atrioventricular node conductivity (S m i t h, H u d s o n, G r a i t z e r et al., 1989). Athletic training might induce intrinsic adaptations in the conduction system (mostly influencing conduction velocity), which could contribute to the higher prevalence of conductive tissue abnormalities observed in athletes (S m i t h, H u d s o n, G r a i t z e r et al., 1989). Such indices were also present in our study. Four of the sportsmen presented VES in rest and two of them were diagnosed earlier with left branch block. A possible hypothesis as to the controversy about autonomic versus non-autonomic determinants of electrophysiological adaptations in athletes could be a fundamental difference between short-and long-term physical training programs. Short-term trainings could induce autonomic adaptations, with a reduction of sympathetic activity and an increase in parasympathetic activity (leading to bradycardia). On the other hand, long-term aerobic training, eliciting atrial and ventricular dilatation, would induce intrinsic electrophysiological adaptations and enhance parasympathetic activity (S h i, S t e v e n s, F o r e s m a n et al., 1995) .
When the data are interpreted using frequency domain variables, the results are slightly less consistent. While some investigators report TP, HF and LF (in absolute values) significantly higher in athletes compared with sedentary individuals, others reveal no such changes (S t e i n, M o r a e s, C a v a lc a n t i et al., 2000). In our investigation changes appeared only in the normalized values of HF and LF. The HF expressed in normalized units was significantly higher in trained individuals in most of the studies. On the other hand the trained individuals in the study of E. L. M e l a n s o n and P. S. F r e e ds o n (2001) had significantly lower LF compared with their sedentary counterparts.
In our investigation athletes were characterized with lower LF/HF ratio. The ratio of LF to HF is considered to reflect the sympatho-vagal balance. Ac-cording to this view higher values suggest a sympathetic predominance and lower parasympathetic predominance. This concept has been promoted by some researchers, but it lacks a physiological base. However it is true that both sympathetic and parasympathetic motoneurons respond to interrelated neural influences. It should therefore be noted that the LF and HF components of HRV provide a measure of the degree of autonomic fluctuation rather than a level of autonomic tone (M c C r a t y, W a t k i n s, 1995).
Different values of VLF power spectrum between the groups of basketball players and rowers could be explained by their metabolic and hormonal adaptations to different training regimes. Alongside temperature, endocrine factors like reproductive hormones, steroids, renin-angiotensin system also affect the VLF component of HRV (K o Training regimes tend to evoke hormonal changes that will eventually result in a morpho-physiological adaptation to the presented training stimulus. Another difference between the sportsmen of these two groups is age. The rowers are significantly younger than basketball players being in the hormonally active and fluctuant period of their adolescent lives.
Longitudinal studies reveal that moderate to vigorous intensity endurance training program in adult, previously sedentary men increased markers of parasympathetic activity (significant increase in HF power) after 12 weeks (L o im a a l a, H u i k u r i, O j a et al., 2000). Others find no consistent changes in HRV, although a significant reduction of HR is observed. These authors blame the short duration of the training program and suggest that in order to obtain any effect on HRV the training program should last for a period of at least a year (S t e i n, M o r a e s, C a v a l c a n t i et al., 2000).
Although it would be easy to conclude from the above mentioned studies that training increases HRV, studies are needed to investigate the direct effects of training on indices of HRV. While most cross-sectional studies show that endurance-trained athletes have higher HRV than their age-and weight-matched controls, the results from longitudinal studies are less conclusive. The data suggest that the duration of the exercise program might be an important factor when looking at the effects of exercise training on HRV. On the other hand vigorous training programs are necessary to induce changes in HRV, so in addition to exercise duration, exercise intensity and training volume may also play a role, yet no clear guidelines exist for the optimal training stimulus to obtain solid training adaptations (S h i, S t e v e n s, F o r e s m a n et al., 1995).
In general, obtained data allows us to conclude that long-term (several years) adaptation to regular training programs in students -sportsmen comparing to non-sportsmen controls at the state of rest is reflected in the increase of parasympathetic activity, slight decrease in sympathetic mechanisms and in shifting of the autonomic balance to vagal predominance. (Moscow, Russia) . This investigation was supported by Provincial Secretariat for Science and Technological Development of Vovodina N°: 114-451-01395/2006-02. 
